Changes in the tubular reabsorption of sodium independent of aldosterone activity may play an important role in determining sodium excretion. Several studies in the dog employing clearance techniques have demonstrated that infusions of isotonic saline (1-5) or plasma-like solutions (1, 2) result in a depression of the over-all net tubular reabsorption of sodium as the excretion of sodium increases. Dirks, Cirksena, and Berliner have demonstrated by micropuncture studies in the dog that this depression of tubular reabsorption during the infusion of saline occurs specifically in the proximal tubule (6). These same authors reported that acute constriction of the thoracic inferior vena cava, a maneuver known to inhibit sodium excretion and to lead to chronic sodium retention and the formation of ascites (7), prevents this depression of proximal reabsorption during saline infusion (8). Such studies indicate that nonaldosterone factors determining the rate of sodium reabsorption by the proximal tubule could play a major role in the normal physiologic regulation of sodium balance and also may be involved in the pathogenesis of sodium retention in disorders characterized by the accumulation of ascites and edema.
Changes in the tubular reabsorption of sodium independent of aldosterone activity may play an important role in determining sodium excretion. Several studies in the dog employing clearance techniques have demonstrated that infusions of isotonic saline (1) (2) (3) (4) (5) or plasma-like solutions (1, 2) result in a depression of the over-all net tubular reabsorption of sodium as the excretion of sodium increases. Dirks, Cirksena, and Berliner have demonstrated by micropuncture studies in the dog that this depression of tubular reabsorption during the infusion of saline occurs specifically in the proximal tubule (6) . These same authors reported that acute constriction of the thoracic inferior vena cava, a maneuver known to inhibit sodium excretion and to lead to chronic sodium retention and the formation of ascites (7) , prevents this depression of proximal reabsorption during saline infusion (8) . Such studies indicate that nonaldosterone factors determining the rate of sodium reabsorption by the proximal tubule could play a major role in the normal physiologic regulation of sodium balance and also may be involved in the pathogenesis of sodium retention in disorders characterized by the accumulation of ascites and edema.
Although the factors that determine the rate of proximal tubular reabsorption are unknown, recent studies from our laboratory have demonstrated that renal vascular resistance and perfusion pressure may affect the over-all tubular reabsorp-* Submitted for publication April 26, 1966 ; accepted July 21, 1966. Aided in part by grants AM-5401-05 from the Na- tion of sodium (9) . Extension of these studies in dogs with caval constriction has indicated that increased arterial pressure in the presence of reduced renal vascular resistance decreases the net tubular reabsorption of sodium and may completely overcome the impaired response to saline infusion resulting from both acute and chronic constriction of the thoracic inferior vena cava (10) . Such studies employing clearance techniques have not revealed whether these hemodynamically induced changes in the reabsorption of sodium occur in the proximal nephron, the site at which micropuncture studies indicate a depression in reabsorption in response to extracellular volume expansion, and an increased reabsorption in the presence of acute constriction of the thoracic inferior vena cava.
In the present series of studies we have attempted to examine some of the factors that may affect the reabsorption of sodium in the proximal tubule. In the presence of complete, or nearly complete, interference with sodium reabsorption in the distal nephron by natriuretic agents which appear to have little or no effect on the proximal reabsorption of sodium, it should be possible to observe the effects of other maneuvers that independently alter proximal reabsorption. Studies employing clearance techniques in the dog suggest that ethacrynic acid may completely abolish sodium reabsorption in the ascending limb of Henle's loop (11) and that chlorothiazide interferes with sodium reabsorption at an even more distal tubular site (11, 12) . When given in combination during water diuresis, the two agents reduce free water clearance to less than 5% of the glomerular filtrate, and the excretion of sodium is increased to about 35%o of the filtered load (11) . These observations are consistent with the 1668 view that these diuretic agents in combination could block the major part of distal tubular reabsorption of sodium, since micropuncture studies in the hydropenic dog suggest that at least 65%o of the filtered sodium is reabsorbed in the proximal nephron (13) . Furthermore, Dirks and his associates have reported that neither ethacrynic acid nor chlorothiazide has any net effect on proximal reabsorption in the dog as determined by micropuncture of superficial nephrons (14) . Thus, neither of these agents appears to affect net proximal tubular reabsorption of sodium, and in combination their effects on urinary dilution and fractional excretion of sodium suggest blockade of the major part of distal reabsorption.
In the present studies ethacrynic acid and chlorothiazide were infused together at rates known to produce maximal natriuretic effects, and urinary losses were replaced. In the presence of a steady state effect of the agents, we performed a number of different experiments to study the influence of other factors on sodium reabsorption. Under such conditions additional large changes in the tubular reabsorption of sodium may be attributable to changes in proximal reabsorption. The results demonstrate 1) that the infusion of isotonic saline results in both fractional and absolute decreases in sodium reabsorption, 2) that acute constriction of the thoracic inferior vena cava increases fractional sodium reabsorption, and 3) that this increased fractional reabsorption during acute caval constriction may be overcome by increasing arterial pressure. Furthermore, reduced renal perfusion pressure may increase fractional sodium reabsorption, but polyethylene tubing, and a plastic catheter was inserted into the left renal vein through the spermatic or ovarian vein. In 16 experiments a Blalock clamp was placed around the aorta (usually between the renal arteries), fixed to the body wall, and extended outward through a stab wound. In 17 experiments a 23-gauge needle connected to plastic tubing was inserted in the direction of flow into the left renal artery near its origin at the aorta. In six experiments a plastic tube containing steel wire was inserted around the thoracic inferior vena cava through a right thoracotomy and extended out the left side of the chest through a stab wound. Albumin infusions. In eight of the experiments described in the first protocol (saline loading), an infusion of 30 g per 100 ml bovine albumin in isotonic saline was begun intravenously at 5 ml per minute and continued until a total of 75 g of albumin was infused. This infusion of albumin was begun after collections during the stable natriuresis produced by the saline load. Collections were made at 5-to 10-minute intervals after the infusion of albumin was begun, and they continued for 10 to 30 minutes after this infusion was completed. During the infusion of albumin the saline infusion was slowed from 10 to 6.25 ml per minute (5 ml of the albumin solution contains 3.75 ml saline).
In five experiments after collections during the steady state diuretic phase (hydropenia), an infusion of 6.5% bovine albumin in isotonic saline was begun at 30 ml per minute. After 300 to 400 ml was infused, the rate was decreased to 5 ml per minute. When a total of 600 to 800 ml of this 6.5%o albumin solution had been infused, further collections were made. In two of these experiments the aorta was then constricted to reduce mean aortic pressure to the same level as that present before during the infusion of angiotensin the agent was discontinued and arterial pressure allowed to decrease. Norepinephrine (9.0 to 50 ,ug per minute) was then infused to achieve a similar elevation of arterial pressure, and further collections were made. Finally, after additional collections following the infusion of norepinephrine, the constriction of the inferior vena cava was removed.
Inulin, PAH, osmolality, sodium, and potassium were determined by methods previously described for this laboratory (15) . Total diuretic infusion and replacement of urinary losses despite the reductions in GFR and urine flow in-GFR was reduced by an average of 28%o, and duced by some of the maneuvers (Tables I-IV) . Figure 1 . In most experiments the infusion of saline resulted in absolute decreases in the rate of tubular reabsorption of sodium as the excretion of sodium increased more than the increased filtered load of sodium ( Figure  2 ). Details of experiments with saline infusion are given in Tables I and III followed by 10 ml per minute), the animals received an additional 1,000 ml at 50 ml per minute, which was then continued at a rate equal to the increased rate of urine flow. In the six kidneys of these three experiments fractional sodium reabsorption was depressed an additional 7 to 13% by the second infusion of saline. This further decrease in fractional reabsorption was associated with an increased GFR in two and a decreased GFR in one of the experiments.
The effects of reduced GFR on sodium reabsorption. In 16 experiments both before and after saline loading, GFR was reduced 5 to 59% by constriction of the aorta above the left renal artery. In each of these experiments the fraction of filtered sodium reabsorbed increased (Figure 3) . The percentage increase in fractional reabsorption appeared to be somewhat greater in the presence of saline loading than in the hydropenic state (replacement of urinary losses only), as shown in Figure 3 . There was no evidence of autoregula- tion of RBF in these experiments, since RBF decreased in direct proportion to the reduction in perfusion pressure during aortic constriction, and renal vascular resistance remained constant or increased slightly in most of the experiments (Figure 4) . To determine whether the increased fractional reabsorption of sodium during aortic constriction was the result of the diminished GFR or the result of the diminished perfusion pressure, we decreased GFR at a constant or increased arterial pressure by the renal arterial infusion of norepinephrine in seven experiments. The relationship between the change in GFR and fractional reabsorption of sodium for these experiments is shown in Figure 5 . The percentage change in fractional reabsorption of sodium in these studies ranged from -5 to + 11 (average + 3%o) as GFR was reduced as much as 58%o. Arterial pressure during the renal arterial infusion of norepinephrine was changed from control by - (Figure 3 ). of norepinephrine were compared are given in Table II .
The effects of renal vasodilatation and increased arterial pressure. In ten experiments unilateral renal vasodilatation was produced by the renal arterial infusion of acetylcholine. RBF increased an average of 12%; GFR decreased by an average of 9%. However, the fractional reabsorption of sodium was essentially unchanged during the renal arterial infusion of acetylcholine (range -6 to + 6%). In ten experiments, which include seven of the studies during renal vasodilatation, arterial pressure was increased 5 to 89 mm Hg by the intravenous infusion of angiotensin or norepinephrine. In these experiments the fractional reabsorption of sodium did not change in a consistent relationship to the changes in arterial pressure during the infusion of the pressor agents, but reabsorption decreased in eight of the ten, and this decreased reabsorption was independent of changes in GFR. The results of these studies are shown in Figure 6 . Also shown in Figure 6 are the changes observed in the right kidney in the seven experiments in which arterial pressure was increased 5 to 38 mm Hg during the infusion of norepinephrine into the left renal artery. Figure 5 ).
The effects of infusions of albumin. In eight studies 30% bovine albumin was infused intravenously during saline loading. The purpose of these studies was to determine if increasing the plasma protein concentration would affect the fractional reabsorption of sodium, which had been depressed by the infusion of saline. The amount of albumin infused (75 g) was estimated to be sufficient to return the concentration of protein in plasma to values present before saline loading. Within 10 minutes after the infusion of 30%o albumin was begun, the excretion of sodium began to decrease. The fractional reabsorption of sodium during the last two periods (10 minutes) of albumin infusion for all of these experiments is shown in Figure 7 , and details of one experiment are given in Table III . In these experiments the infusion of 30%o albumin resulted in decreases in GFR ranging from 6 to 33%o. RBF and-arterial pressure were usually unchanged or increased.
When the infusion of 30%o albumin was discontinued and the saline-loading infusion continued, sodium excretion increased and the fractional reabsorption of sodium began to decrease (Table III) . Plasma total protein concentrations were decreased an average of 28%o during the infusion of saline, and during the final 10 minutes of the infusion of -30%o albumin plasma total protein concentrations averaged 96%o of presaline-loading control values.
To determine whether the increased fractional reabsorption of sodium during the infusion of 30%o albumin related to the decreased GFR, in three experiments we infused norepinephrine into one renal artery to reduce GFR during saline loading before the infusion of albumin. The details of one of these studies are given in Table III Points represent the changes in means of multiple uniform collections during saline infusion and the final two collections during the infusion of 250 ml of 30 g per 100 ml bovine albumin. Fractional sodium reabsorption was increased strikingly by the infusion of protein, which returned plasma total protein concentrations-to an average of 96% of the presaline infusion values. This increased fractional sodium reabsorption was independent of the extent to which glomerular filtration was decreased during the infusion of protein. To examine whether expansion of the intravascular volume with "plasma-like" solutions affects fractional sodium reabsorption in a manner similar to the infusion of saline, we gave five animals a 300-or 400-ml infusion of 6.5%o bovine albumin in isotonic saline at 30 ml per minute. This infusion was continued throughout the experiment at 5 ml per minute. To minimize the possible effects of increased arterial pressure and increased RBF that occurred with these infusions of "plasma," we produced unilateral (left) renal vasodilatation by the renal arterial infusion of acetylcholine (40 ,ug per minute) before the infusion of plasma in two of the experiments. When arterial pressure increased (one of the five studies) after the infusion of plasma, collections were made and then the left renal perfusion pressure was reduced by aortic constriction to the same level present during the control collections (drug infusion with replacement of urinary losses) be- Points are the changes in means of multiple collections during hydropenia and after the infusion of 600 to 800 ml of "plasma" (6.5% bovine albumin in isotonic saline). In two experiments the left kidney was vasodilated by the renal arterial infusion of acetylcholine before the infusion of "plasma," and in one experiment left renal perfusion pressure was reduced by aortic constriction to the same level that was -present before the infusion of plasma. All ten kidneys from the five studies are represented. The shaded area encloses all points (32 kidneys) observed through a similar range of change in glomerular filtration during the infusion of 600 to 1,000 ml of saline (from Figure 1) fore the infusion of plasma. The effects of this infusion of plasma on fractional sodium reabsorption are summarized in Figure 8 . In all instances the change in reabsorption was distinctly less than the changes observed during saline infusions, whether or not arterial pressure was held constant and whether or not the kidney was previously vasodilated. After the infusion of 600 to 800 ml of the 6.5% albumin solution, plasma total protein concentrations averaged 104%o of control (range 95 to 119%o). experiments the fractional reabsorption of sodium was decreased below control values despite continued depression of GFR when arterial pressure was increased during the infusion of angiotensin. In each experiment in which arterial pressure was elevated above the preloading and precaval constriction values, the fractional reabsorption of sodium was decreased below control values. Increasing arterial pressure with norepinephrine had the same qualitative effect of decreasing the fractional reabsorption of sodium. Thus, the effect of caval constriction of preventing a depression of fractional reabsorption of sodium during the infusion of saline was associated with decreased arterial pressure, and this inhibited depression of reabsorption was overcome when arterial pressure was increased. These experiments are summarized in Figure 9 , and details of a single experiment are given in Table IV .
Discussion
The present study was designed to investigate by clearance techniques factors that may affect the proximal tubular reabsorption of sodium. The conclusions that the results of this study reflect changes in proximal reabsorption are dependent upon the following assumptions. 1) Ethacrynic acid and chlorothiazide together interfere with the major fraction of distal tubular reabsorption of sodium in the dog. This assumption appears justified, since clearance studies in the dog have demonstrated that ethacrynic acid abolishes the ability to elaborate a concentrated urine and reduces the capacity to excrete dilute urine, indicating an effect on sodium reabsorption in the loop of Henle (11) . Chlorothiazide reduces diluting capacity but does not affect concentrating capacity, indicating an effect on sodium reabsorption beyond the loop of Henle (12) . Together the two agents almost abolish diluting capacity (11) , and in the present study the two drugs resulted in the excretion of about 35%o of the glomerular filtrate in the hydropenic dog. Since micropuncture studies have demonstrated that dilution is totally a distal tubular phenomenon (13, 19, 20) and that in the dog about 65% of the filtrate may be reabsorbed proximally (13) , these latter observations from clearance studies are consistent with the view that the two agents together could abolish most of the reabsorption of sodium beyond the proximal nephron.
2) The agents should have no important effect on net reabsorption by the proximal nephron. Although an effect of diuretic agents to decrease proximal reabsorption may be masked by secondary changes in hydration or tubular volume (21), Dirks, Cirksena, and Berliner found no net effect of either ethacrynic acid or chlorothiazide on fractional reabsorption in the proximal tubule of the dog (14) . 3) The maneuvers being studied should not in themselves alter the absolute effect of the agents on sodium reabsorption by the distal tubule. Although this possibility cannot be ruled out by the present studies, there is no indication that this is the case. Even when urine flow and the excretion of sodium were markedly reduced by some of the experimental procedures, urine remained virtually isotonic in the presence of increased fractional reabsorption of sodium, providing no evidence that this increased reabsorption occurred in the distal nephron. The possibility cannot be ruled out that in the presence of the diuretics significant distal isotonic reabsorption continued and could have become a larger fraction of the filtered load of sodium when distal delivery was diminished by some of the experimental procedures. If so, over-all fractional reabsorption could be increased without a change in proximal fractional reabsorption as distal delivery was diminished. However, it appears unlikely that this was the case in the present studies, since absolute increases in reabsorption were produced by hyperoncotic albumin in some experiments (Table III, Figure 7) , and fractional reabsorption was not increased during arterial infusions of norepinephrine, despite very large decreases in GFR and distal delivery (Tables II and III, Figure 5 ). Likewise, residual distal reabsorption in the presence of the diuretics could be depressed by some of the experimental procedures (saline loading, increased arterial pressure) and could account in part for the over-all depression of fractional reabsorption. Although the present studies do not rule out the possibility that these maneuvers normally would depress distal reabsorption, it is unlikely that the large depressions in fractional reabsorption produced by saline loading and systemic angiotensin or norepinephrine could be due to what must be a very limited distal reabsorption in the presence of the diuretic agents. Therefore, whether or not distal reabsorption normally would be affected by the maneuvers studied, we can conclude that under the conditions of the present study, the changes observed occurred primarily in the proximal tubule. 4) The presence of the agents should not interfere with the independent effects of other factors on proximal tubular reabsorption. If the foregoing assumptions are correct, then it follows that any additional changes in tubular reabsorption are attributable to changes in proximal reabsorption independent of the action of the drugs. This should be true even though the agents may be exerting an inapparent effect on proximal reabsorption (21) . In addition to the above considerations, changes in the reabsorption and excretion of sodium could relate to inverse changes in the reabsorption and excretion of potassium, which may occur in the distal nephron independent of the action of ethacrynic acid and chlorothiazide. However, in the present studies the relationship between the excretion of sodium and the excretion of potassium remained constant, and in none of the experiments were the fractional changes in sodium excretion due to inverse changes in the excretion of potassium.
In view of the foregoing considerations it appears likely that the changes in both absolute and fractional reabsorption of sodium that occur in the presence of the combined diuretic infusions were related to changes occurring predominantly in the proximal tubule. If so, then the present studies demonstrate that several factors may independently affect proximal tubular reabsorption of sodium. The infusion of relatively small volumes of saline resulted in absolute decreases in "proximal" reabsorption. The decreases in proximal reabsorption of sodium resulting from these small infusions of saline averaged -19o.4 Thus, the present studies are consistent with the view that the depressions of proximal tubular reabsorption in the dog that result from the infusion of saline as indicated by micropuncture of superficial nephrons (6) are qualitatively and probably quantitatively representative of the total nephron population. In three of the present studies, when an additional rapid infusion of saline was superimposed on the smaller saline load, further depressions in proximal fractional sodium reabsorption occurred; this change was independent of changes in GFR in one of the three studies. This suggests that the greater natriuretic effect of large and rapid saline infusions (5) as compared to smaller infusions (1, 2, 6 ) is the result of a greater depression of proximal reabsorption. The present studies indicate that a reduction in renal hemodynamics produced by aortic constriction may be associated with increased fractional reabsorption in the proximal nephron. This observation is in contrast to the findings by micropuncture of Dirks and co-workers (6), who observed a constant fractional reabsorption in the proximal nephron when renal arterial constriction was used to reduce GFR. However, our observation that aortic constriction increases the fractional reabsorption of sodium is in agreement with other reports that reduced renal perfu-sion pressure may result in absolute increases in tubular reabsorption of sodium during saline (5) and mannitol (22) diuresis. In previous studies from our laboratory we suggested that the tubular reabsorption of sodium may relate in some way to the extent to which perfusion pressure is transmitted along the intrarenal circulation (9) . In the normal kidney a reduction in perfusion pressure by aortic or renal arterial constriction is accompanied by reduced renal vascular resistance as the result of autoregulation. Such autoregulation could maintain a relatively constant hydrostatic pressure at distal portions of the renal circulation, despite the changes in renal arterial pressure. In support of this view are the observations of Thurau and Wober, who observed constant peritubular capillary pressures over a wide range of arterial pressures (23) . In the present studies the combination of ethacrynic acid and chlorothiazide resulted in profound renal vasodilatation as RBF increased strikingly in the presence of reduced arterial pressure. Furthermore, in the present studies autoregulation was apparently abolished during the infusion of the diuretics, since renal vascular resistance did not decrease as perfusion pressure was reduced by aortic constriction. If, as previously suggested, transmission of pressure along the renal circulation is a factor that affects the reabsorption of sodium, then reabsorption should change readily in response to changes in perfusion pressure in the absence of autoregulation, as was the case in these studies. Consistent with this view are the observations that proximal fractional reabsorption of sodium was not decreased when GFR was reduced in the presence of unchanged or increased arterial pressure by the renal arterial infusion of norepinephrine. Since norepinephrine results in postcapillary, as well as precapillary, constriction (24) , the reductions in GFR and renal blood flow produced by the infusions of norepinephrine could be associated with a higher capillary hydrostatic pressure than that present with similar reductions in these hemodynamics produced by aortic constriction. The filtration fraction remained constant during aortic constriction (Tables I and  II) , but increased during the renal arterial infusion of norepinephrine (Tables II and III) . This suggests that during aortic constriction pressure and flow were uniformly reduced throughout the renal circulation. Although the increased filtration fraction during the arterial infusion of norepinephrine could be due to relatively greater efferent arteriolar constriction, such a change could be explained equally well by a combination of afferent and postcapillary constriction. These interpretations support the concept that the increased fractional reabsorption of sodium observed in these studies during aortic constriction was related to the reduced perfusion pressure and not to the reduction of GFR. Also, when arterial pressure was elevated in "hydropenic" animals (infusion of diuretics and replacement of urinary losses), fractional sodium reabsorption usually decreased; this change was independent of changes in glomerular filtration rate. It is not surprising that renal vasodilatation alone did not decrease fractional sodium reabsorption [in contrast to the previously reported effects of renal vasodilatation (15) ], since profound vasodilatation was already present as a result of the diuretic agents alone. These observations strengthen the suggestions that renal perfusion pressure may be a determinant of the tubular reabsorption of sodium (9, 25, 26) , and under the conditions of the present studies this effect of pressure appears to be manifested in the proximal nephron.
We suggested, on the basis of previous studies from our laboratory, that the effect of perfusion pressure on the reabsorption of sodium may depend on a change in capillary hydrostatic pressure, which in turn could alter the renal interstitial volume (9) . If so, then factors other than capillary hydrostatic pressure that should alter interstitial volume also should result in predictable changes in the reabsorption of sodium. It has been known for some time that infusions of hyperoncotic albumin may decrease the excretion of sodium in man (27) (28) (29) , and that such infusions may not increase sodium excretion in the dog despite the associated expansion of the vascular volume (30) . In the present studies the infusion of 30% albumin during saline loading resulted in marked increases in proximal fractional reabsorption of sodium, and in some cases absolute increases in the reabsorption of sodium. This effect of hyperoncotic albumin of increasing the reabsorption of sodium, which was previously depressed by the infusion of saline, was independent of changes in GFR and occurred with no decrease in RBF or arterial pressure. These observations are consistent with the interpretation that proximal reabsorption relates in some inverse manner to the renal interstitial volume. Since the rate of proximal tubular reabsorption may relate in some direct manner to tubular distension (31, 32) , an inverse relationship between interstitial volume and proximal reabsorption could be mediated by changes in tubular volume. The distribution of volume between the capillary and interstitium should be determined according to "Starling forces." It seems likely that in the kidney the major source of interstitial volume is the tubular reabsorbed material, and the rate at which this volume is removed by the blood should be determined by the relationship between hydrostatic and osmotic (protein) pressures across the capillary wall. Thus, either increases in capillary hydrostatic pressure or decreases in plasma oncotic pressure could result in a relative shift of volume from capillary to interstitium as the removal of tubular reabsorbed material is slowed. The kidney has limited distensibility, and a decreased uptake of volume by the capillary may not reduce the intravascular volume so long as vascular resistance and perfusion pressure are constant. Therefore, an expansion of the interstitial volume due to decreased removal of reabsorbed material could result in a decrease in the tubular volume. However, any increase in interstitial volume resulting from decreased plasma oncotic pressure should be self-limited by a rise in pericapillary hydrostatic pressure as the extravascular volume increases. Thus, at lowered plasma oncotic pressure a new steady state could be achieved with an increased interstitial volume and pressure, a reduced volume of reabsorbed material due to tubular collapse, and an equally reduced rate of removal by blood of the tubular reabsorbed material. With increased plasma oncotic pressure or reduced capillary hydrostatic pressure an opposite series of changes could occur as the uptake by blood of interstitial volume increased. The resulting decreased interstitial volume and pressure could permit tubular distension (especially if GFR were constant) and thereby increase tubular reabsorption to equal the increased uptake of interstitial volume by blood. Such a mechanism whereby capillary pressure via changes in interstitial volume could play an important role in determining sodium reabsorption and excretion remains unproved, but it could account for the effects of oncotic pressure, vasodilatation (15) , and arterial pressure (9) on sodium reabsorption.
The possibility cannot be ruled out that the infusion of bovine albumin in the dog may have some "toxic" effect that resulted in the present findings, but there is no reason to favor such a conclusion. The observations by others that infusions of isooncotic plasma-like solutions depress the tubular reabsorption of sodium (1, 2) are not inconsistent with the present findings that hyperoncotic solutions of albumin increase proximal reabsorption. Since the infusion of plasma-like solutions may result in marked renal vasodilatation as well as increased arterial pressure (33) , capillary pressure and interstitial volume could be increased during the infusion of iso-oncotic solutions; therefore, such studies (1, 2) do not provide conclusive evidence against an inverse relationship between interstitial volume and the reabsorption of sodium. Furthermore, in the present studies when animals were infused with relatively large volumes of an iso-oncotic albumin solution, whether or not renal perfusion pressure was kept constant, little or no depression in proximal reabsorption resulted. This failure of infusions of plasma to depress the reabsorption of sodium under the conditions of the present studies, in contrast to studies by others (1, 2) , may relate to the fact that the infusion of ethacrynic acid and chlorothiazide produced striking renal vasodilatation, and any additional vasodilatation resulting from the infusion of plasma has little additional effect on reabsorption. Also, arterial pressure usually did not increase during infusions of iso-oncotic albumin. Therefore, the major change produced by these infusions was expansion of the vascular volume, and this had little or no effect on sodium reabsorption, even though GFR was increased in some of these studies. This conclusion suggests that the mechanism whereby the infusions of saline depress proximal reabsorption under the conditions of the present studies may be due largely to decreases in plasma oncotic pressure; this interpretation is supported by the observations that hyperoncotic albumin infusion reversed the saline-induced depression of fractional sodium reabsorption.
The present studies were extended to determine whether an effect on proximal tubular reabsorp-tion could be demonstrated during constriction of the thoracic inferior vena cava. This maneuver is known to result in the chronic retention of sodium and the accumulation of ascites (7), an inhibited or absent natriuretic response to acute saline loading (10, 34) , and a failure of saline infusions to depress proximal reabsorption (8) .
In the present studies acute constriction of the thoracic inferior vena cava prevented a decrease in proximal reabsorption during the infusion of saline, as has been observed by micropuncture studies (8) . In most experiments, proximal fractional reabsorption was greater during caval constriction than during hydropenia alone, despite the infusion of saline. This effect of vena caval constriction was associated with decreased arterial pressure, as well as with -decreased GFR and RBF. However, since reduced GFR and RBF without reduced arterial pressure during the renal arterial infusion of norepinephrine was not associated with increased proximal fractional reabsorption, we conclude that the decreased GFR and RBF per se during caval constriction are not the mechanism that inhibits the depressing of the fractional reabsorption of sodium by saline infusion. In support of the view that the reduced arterial pressure may be the important factor that limited the sodium reabsorption-depressing effect of saline loading are the striking effects of pressor infusions of either angiotensin or norepinephrine during caval constriction. In each experiment, during constriction of the thoracic inferior vena cava, when arterial pressure was increased to or above the preconstriction levels, proximal fractional reabsorption of sodium was promptly decreased despite the continued presence of caval constriction. In some experiments this effect of pressor agents of decreasing reabsorption in the presence of caval constriction occurred with filtration rates no greater than during hydropenic control periods. Other studies from our laboratory demonstrated that the inhibited response to saline loading that' results from both acute and chronic constriction of the thoracic inferior vena cava may be overcome by increased arterial pressure in the presence of renal vasodilatation (10) . The present observations suggest that this effect of increased arterial pressure of overcoming this retention of sodium during caval constriction is a proximal tubular phenomenon. Under the conditions of these studies the increased proximal reabsorption associated with acute thoracic inferior vena caval constriction appears to be largely the result of reduced arterial pressure.
In the present studies renal vasodilatation alone with acetylcholine had no effect on the fractional reabsorption of sodium and also was unnecessary for the effect of increased arterial pressure of depressing proximal reabsorption in the normal animal and during acute caval constriction. Since infusion of the diuretic agents alone results in profound renal vasodilatation, it may be unnecessary to produce further vasodilatation to permit depression of the reabsorption of sodium by increased arterial pressure. Consistent with this interpretation are other observations that renal vasodilatation alone increases the excretion of sodium when renal blood flow is relatively low (high renal vascular resistance), but in the presence of low renal vascular resistance during saline or mannitol diuresis further renal vasodilatation has no additional effect of increasing the excretion of sodium (15) .
Summary
In the present studies we took advantage of the knowledge that ethacrynic acid and chlorothiazide have separate and additive effects to interfere with the reabsorption of sodium in the distal nephron, that together they appear to block the major fraction of the distal tubular reabsorption of sodium, and that neither of them may have any net effect on proximal tubular reabsorption of sodium. During steady state infusions of the two agents and replacements of urinary losses, we invoked several different maneuvers to study factors that may influence proximal tubular reabsorption of sodium.
Infusions of saline resulted in both absolute and fractional decreases in "proximal" reabsorption, and the changes were qualitatively similar to the changes reported during saline loading for superficial cortical nephrons in the dog. Reduced perfusion pressure but not reduced glomerular filtration rate per se increased proximal fractional reabsorption of sodium. When arterial pressure was increased with either angiotensin or norepinephrine, proximal fractional reabsorption was usually decreased, independent of changes in glomerular filtration rate. During saline loading with depressed proximal reabsorption, infusions of hyperoncotic albumin strikingly increased the fractional reabsorption of sodium. Infusions of iso-oncotic "plasma-like" solutions had minimal effects on proximal reabsorption, despite marked expansion of the vascular volume. These observations are interpreted as indicating that the renal interstitial volume may be a factor inversely related to proximal tubular reabsorption, and that both capillary hydrostatic and plasma oncotic pressures may affect this mechanism.
Acute constriction of the thoracic inferior vena cava prevented a depression of proximal fractional reabsorption during the infusion of saline, as has been observed in micropuncture studies. This inhibited depression of proximal reabsorption was associated with decreased arterial pressure as well as decreased renal hemodynamics. When arterial pressure was increased to control levels or above by the infusion of norepinephrine or angiotensin, proximal fractional reabsorption decreased, indicating that this hemodynamically induced increased excretion of sodium in the presence of thoracic inferior vena caval constriction is a proximal phenomenon. The latter observations support the view that hemodynamically determined increases in proximal tubular reabsorption of sodium may play a role in the pathogenesis of such experimentally produced retention of sodium.
